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Fart Numhar: REOOT7ANM Change #; 2
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Cesign f Docurment Rekerence

FAILURE GAUSE; A: Faitune of hously g=rent metal.

THE HOUSING {1) IS DESIGNED T SUPPORT ALL INTERNAL HYORODYNAMIC, ROTORDYNAMIC, AND ALIGNIMENT FUNCTIONS OF THE TURBOPUME WHILE MAINTAINING
STRUCTURAL DESIGH MARGING. THE HOUSING IS CAST UTILIZING TENS-50 ALUMINUM AN 1S SOLUTION HEAT TREATED AND AGE-H4RDENED (13, IT 1S SUBJECTED TO THE HAT
ISDSTATIC PRESSING PROCESS FOR IMPROVED MECHANICAL PROPERTIES AND DENSIFICATION [1}. THE ALLDY IS RESISTANT TO STRESS CORROSION CRAGKING AND 1S LOX
COMPATIELE {2]. FOR IMPROVED GORROSION HRESISTANCE, THE ENTIRE HOUSING 15 CHROMIC ACID ANODIZED {1). THERE ARE NQ WELDS ON THE HOUSING [£). SUCCESSFLL
PRESSURE INTEGRITY WAS DEMONSTRATED BY ONE HOUBING, WHICH WAS SUBJEGTED TQ 240 CRYOGEHIC DPERATIONAL PRESSURE CYCLES AND ONE CRYDGENIC PROCE
CYCLE WITH NO STRUCTURAL FAILURE [3). THE HOUSING ASSEMBLY PARENT MATERIAL WAS CLEARED FOR FRACTURE MECHANICEMNDE FLAW GROWTH BY RISK ASSESSMENT
(4). THE HIGH CYCLE AND LOW CYCLE FATIBUE LIFE OF THE HOUSING MEETS CEIREQUIREMENTS (5}, THE HOUSING MINIMUM FACTORS OF SAFETY MEET CEI REQUIREMENTS
(5). THE HOUSING HAS COMPLETED DESIGN VERIFICATION TESTING FOR PROOF PRESSURE-STRESS DISTRIBUTIGN (7) AMD PRESSURE BURST TEST (8). REUSE OF PARTS
DURING DVERHAUL ARE CONTROLLED BY THE REQUIREMENTS OF THE OVERHAUL SPECIFICATION (g}, :

(1) RSODT802: (2) RSS-BEIDG; (2) SSKIE-B3-1029; (4) NASA TASK 197, (5) RLO0B32. CPI20RD003E; (8) RSS-9546-15, CP32DRO00JE; (7) RSS-401-30; (9) RS5-401-2¢; (3) RLN1219
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HOUSING
MATERIAL INTECRITY

HEAT TREAT
SURFAGE FINISH

AGSEMBLY INTEGRITY

LPOTP
ASSEMBLY INTEGRITY

MATERLAL INTEGRITY IS WERIFIED PER SFECIFICATION REQLIREMEMNTS,

HOUEING IS PRODF PRESSURE TESTED PER DRAWING REQUIREMENTS.

HOUSING IS FENETRANT INSPECTED PER SPECIFICATION REQUIREMENTS.

HOUZING 153 RADQGRAPHIC INSPECTED PER SFECIFICATION REQUIREMENTS.

HOUSING HOT ISOSTATIC PRESS IS VERIFIED PER DEAWI NG AND SPECIFICATION REQLIREMENTS,

HEAT TREAT IS VERIFIED PER SPECIFICATION REQUIREMENTS.

HOUSING AMODIZING 1S VERIF IED PER CRAWING AND SPECIFICATICN REGLUIREMENTS.

HOUSMA IS5 INSPFECTED PRIOR TO AND AFTER PROOF TESTING PER DRAWING AND
SPECIFICATION REQUIREMENTS.

CASTING SURFACE FINISH IS INSPECTED PER DRAWVING AMO SPECIFICATICN RECAUIREMENTS

CASTING CUORMERS AND FILLET RADI ARE INSPECTED PER DRAWIMG REQUIREMENTS.

HOUSING YANE SURFACES ARE INSFECTED PER DRAVWNNG REQLIREMENTS.
HEUSING WWALL THIGKNESS 1S INSPECTED PER DRAWING REQUIREMENTS.

THE FLMAP SUBASSEMBLIES ARE IMGFECTED DLRING OVERHALIL PER SFECIFIZATION

REQUIREMENTS.

INSFECTIONS INCLUDE: VISUAL, DORAENSIONAL, PENETRAMT, AND REPLACEMENT OF LISAGE
ITEMS AS APPLICABLE, PER QWVERHAUL SPECIFICATION.

QPERATION/PERFORMAMCE I3 VERIFIED BY EMGINE HOT RIRE TESTIMNG AND :ND E & M TESTS DM

INSFECTIONS,

TORCWIE CHECKS ARE PERFORMED FRIOR TO EACH FLIGHT.
SHAFT TRAVEL |3 PERFORMED PRIOR TO EACH FLIGHT (PHASE If AND BLOGK I).

SHAFT TRAVEL 1S PERFORMED PRIOR TO AMC AFTER ACCERTANCE TESTMGE AND EVERY 10
STARTS THEREAFTER (BLOCK |l AND 1A},

&N EXTERMAL VISUAL INSPECTION IS PERFORMED FRIOR TO EACH FLIGHT,
AFT O OSFORIT INSPFCTION |15 PERFORMEDR PRICR TO FACH FLKSHT

R3M7A02
RBOMTD-004
RSO7BD2
RADT15-115
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FLO9050-04
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Failure Causes Significent Charactarsthes lnspclion{x) f Taclfa) Decument Refaremms
A ASSEMBLY INTEGRITY DATA FROM THE PREVIQUS FLUIGHT OR HOT FIRE I3 REVIEWED FOR PROFER TURABOPUMP MSFC FLM 1228

OPERATIONPERFORMANCE. (LAST TEET)

Failure History;

COparalional Uizg:

gig-8

Comprehansive fallure Matory dals la maintalned In (he Problem Reperling dalabase (PRAMS/IPRACA)
Referance; MAZSA, letter SAZTARIZ208 and Rocketdyne kller BBRCO0D7E1.
ot Applicable.
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Companent Group: Oxidizer TUrBopumps Praparad: G, Abesamis
CIL Ham: Baoo : Approved: T. Hguyen
Camponent: Low Praasure Oxldizet Tisbopump Appraval Date: LT
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Critieal Inttial
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FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Coomn panen? Group: Oxbdizer T .
[tem ?'Iame: i Low FressL:lTrtl;ug:Ir:ri}II;:r Turbopump ::;:l:ad:;: $ ::..:::Ts
e e el
Directiva #: CCBD MEJ.11-5214
Page: 1af 3
Baza Lina Rallohak Variance . Chanys Retienale Vatanl Dash Mumber
1. BA0Q-06, BEM]-0B EEARINGS BEARINGS ARE PROCESSED AND  LONG IERM FATIGUE LIFE OF AFARINGS 12 EXTEMDED BY BEDUCIMG THE 014, 121, 631, -

ARE PROCESSED AND
INSPECTED PER SPECIFICATION
RECQUIREMENTS (RLODIG). (ECP
00m)

2. BROG-D - GAUSE C ¢ BBOD-03
CAUZEE

THE SUPPORT IS PILOTED RY
THE GEFLECTOR. WHICH IN
TURM 1S FILOTED BY THE

M ZLE.

3 BBGD-04 CALISE A

THE IMDLKCER S REDESIGMNED
FORIEE WAITH THE LARGE
THROAT MCC, THE NEW
CESIGN DEMONETRATED
INCHEASEL FUMP CAPABILITIES
AT HIGHER FLOW!SPEED WITH
ACCEPTABLE INCREASE IM HEA(
OUTPUT.

INSFECTED PER SPECIFICATION
REQUIRENMENTS [RLOOSES).

THE SEAL IS PILOTED BY THE
EUPPORT _
THE SUFPORT |3 PILOTED BY
THE HOZ2L.E.

THE INDUCER 15 DESIGMED FOR
PHASE I BLOCK | OPERATIMG
COROITIONS

4. BBOI-06 -CAUSED, H

THE BERRING OLITER RACE 15
SECURED BY & TWO FIECE
BEARING JUFPFORT. THE
SUPPORT FEATURES A STHFF
INTEGRAL THRUET SHULDER
DCSIGHED TG REACT TO
BEARING THRUST LOADS.

S, RANO-0F - CAUSE R ¢ RAM.DB -

CALUSE |

BALLS ARE MACE FROM SILICON
HITRIDE. WHICH WILL ELIMINATE
WIEAR.

THE ATER RACE NUT SECURES
THE FUMP END BEARING OUTER
RACE T THE SUFFCRT.
PRELOAD SUPPLIED BY THE
OUTER RACE NUT REDUCES
POTENTIAL FOR FRETTING QR

GALL MG

THE BALLS AMD RAGES OF THE
BEARIMGE ARE NANUFACTHRED
LUTILIZING 4402 CRES

ALLOWABLE SIZE AKD QUANTITY OF ALLOWWABLE DEFECTS.

USE A% 1S RATIOMALE:

1. THE HiGH CYCLE AND LOW CYCLE FATIGUE LIFE CIF BEARINGS
PROCESSED PER RLO0SSA MECT £E| REQUIREMENTS,

2. THE MIMILILIM FACTORS OF SAFETY FOR BEARIMGS PROCESSED PER
RLOAS58 MEET CEI REQUIRENMEMNTS (R55-1546-15).

07, OBY 091, 104, -
111, 1412151, 161, -
181

THE PHASE M SILVER SEAL IS DESIGNED TO &E FILCTED BY THE OME FIEGE
BEARING SUPPORT.

THE PHASE [l PESIGN ADEGUATELY CONTROLS THE STACIK.UP OF THE
STATIONARY HARDWARE TO PREVENT MOTICN BETWEEN MATING FARTS,

THE PHIASE I IMDIMCER WAS CESIGNED FOR QFERATION WATH THE
STANMDARD THROAT ENGIME.

THE PHASE 1 DESIGN USING A HUT TO RETAIN THE QUTER RACE PROVWIDES
ADEQUATE CLAMPING AMND AL IGHRIENT

THE 4400 BALLS |M THE FHASE || DESIGH ARE CONMTROI 1 £ FOR WEAR AND
SrALLING BY OMRS0 AND DAR 7580

REO0TR10.021
R Sa07a01-191,
2N

R3I07A12-005
R5I07A01-20
-149

R300Ta14-015

RE00TE25-207

R EODTHME-003

RSI07am-201
1ot

RS007E31-051, 181
RSOGTEN1-201
191
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Hase Line Rationale Varanes

Changs Rathanala

Warenl Dash Mumber

€ B200.01 - CALUSE ASB, BO0OC.02,
CAUSE A-D, BEM-0B CALSE O
LFOTF NOZI ES ARE LIFE
LIMITED FER DEVIATION DAR
2956

7. BHO0O-IN - CASE M

THE SHIM AMD SFREG ARE
MANUFACTURED UTILIZING
IHCOLOY 803, WHICH Was
SELECTED FOR CRYOGENIC
MECHANICAL PROFERTIES,

LFOTP WOZZLES ARE LIFE
LIMITED PER DEVIATION D4R
<142

BEM0A - CALISE K

THE SHIMS \WERE
MANUFACTURED UTILLANG
HICHEL 200,

BROD-0O - CAUSE D

THE PUMP END BEARING CUTER
RACE 15 PILOTED BY THE
SFPORT ANMD 15 RETAINED,
ALONHG WITH A SHIM, BY THE
OUTER RACE MUT.

THE FULHE EHND REARING DUTER
RACE 1§ PILDTED BY THE
SUPPORT AHND 1S RETAIMED,
TIGHT AGANGT THE SUPPORT
SHOULBER ALONG WITH SHIMS
AND SPRING, 4WD 15 SECURED
IN PLACE BY THE DEFLECTOR.

8. Baco.-0% THROUSH BROG-02
THE PUMF SUBASSEMBLIES ARE
INSPECTED DURING OVERHALIL
PER SPECIFICATION
REQLIREMEMTS RLO1213

THE PUMFP 5UJBASZEMEBLIES ARE
INSPECTED DURING OVERHALIL
PER SPECIFICATION
REQUIREMENTS RLODATS

PHASE Il LPOTP NOZ2ZLES ARE LIFE LIMITED PER DEVIATION DAR 2742

THE FHASE Il DESIGM SHiki MATER AL, MICKEL 200, PROVIDES ADEDUATE
FROPERTIES FOR TS FLUMNCTION.

THE PHASE H DESIGN LGING A MUT TO RETAIN THE GUTER RACE PROMIDES
ADEQUATE CLAMPING AND ALIGNMEMT.

THE RLOOATIWAS SEPECIFICALLY WRITTEN FOR THE PHASE 1 DESKZH

4. BBgU-02 THROUGH BET0-Da
AND BEM-06 THROUWGH BEX] -0
ASSEMELY INTEGRITY 15
YERIFIED FER DRAWIMG AND

ASSEMELY INTEGRITY 15
WERIFIED PER DRAWING AND
SPECIFICATION RECUIREMENTS

SPECIFICATION REQUIREMENTS  RLOODAE.

RLO1323

10. BEOO-34 FAILLURE CAUSE A -

AND B HET ROSITIVE SUCTION

HET POSITIVE SLUCTION PRESSURE REQUIREMENTS
PRESSURE REQUIREMENTS WERE SATISFIED OVER THE
WERE SATISFIED OVER THE ENTIRE OPERATING RANGE BY

DESIGN VERIFICATION TESTING
CvE-5EME-401B :

ENTIRE QPERATING RAMGE BY
DESIGN VERIFICATION TESTING
YRS 0553

THE RLOGAGDE WitAS SPECIFICALLY WRITTEN FOR THE PHASE || DESIGN

THE DVE SEME 4018 WAS SPECTFICALLY WRITTEM FOR THE FHASE 1l CESIGH

R E0OTa1n02

RIJ07a17
ASA07A01-201
-1

REI0TA0T-191,-2G1

R5a0Fea1-191,-201

RS3073a1-191 201
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Lamrponanl Grovp: Qxidizer Turbopumps Freparod: C_Ahagamin
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Base Ling Rallonake Varlance Ghange Ratonale Yarlanl Crash Mumber
11, BEQOH - CALUSE G .
WENT HOLES DESIGNED INTO WENT HOLES DESKGNED INTG PH4SE Il DESIGM ADEQUATELY PREVENTS PRESSURE BUILD UP RSO07816-009
THE SEAL RING STRUCTLURE ~ THE SUPPDRART STRUCTURE RS007AM-201
PREVENT FRESSURE BUILDUP ~ PREVENT PRESSLIRE BLILDUP ! 101
AND DISTORTIGM OF THE SEAL AND DISTORTION OF THE SEAL
RIMG OWTO TIE LABYRINTH RIMNG QNTO THE LABYRINTH

GEAL, SEAL.




